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SECONDARY RATITRY POWER STORAGE 
SYSTEM 

This is a contimaiion of applicalion Ser. No. 08/363372 
filed on Dec. 23, 1994 abn. 

BACKGROUND OF INVENTION 
1. PieW of Invention: 

•n,e present invention relates to a ^^f^'ll'^^ 
electric Dowei storage system and. more particularly, to a 
bSS s% which' is provided with -aluauoo ~ ^^^^ 
,he soundness and the residual power » j'*""*' 
d^tribulion of the surplus electric power of a batten^. M 
Sua. charge/discharge control of a batteor. Mo.sl sec- 
oK batteri^ for automobiles, uninterrupted power sup- 
plies and the like have been lead-acid battenes. 

Tht diffusion of electric power storage systems and 
eiveSs.andtbe development ofsecondary batteries 

:Swe o?s.oring electric power in a high enejy W 
h««e been stronRlv deaied to meet nsing necessity tor he 
nZTof^^r demand and progressively tncreasmg 
£2 tor S>al environmental protection, and the devel- 
opment of new batteries has been expected. 

Various kinds of large-capacity .''^ ^^i^ 

inchjdina nickel-cadmium battenes. mckcl-metal hydride 
batS^ batteries and sodium-sulfur battenes will 

come onto the matket in the future for various pujs^. 
When managing batteries, appropriate charging and dis- 
Sng of batferies according to -heir cbaractens.ics a« 
e«ential to securing the soundness and the long bte ol 
Si E::^ba""y has specific ^^^^ 
temperature, rate and self.<lischaige characteristics. These 
chaJacteristics vary from battery to battery. 

m view of the convenience of using the hattcry, the 
J"dua capacity of the battery must be known as accurately 
irSible Charging systems, temperature managemen 
nd'^Uofde^iningther^idualcapaatyforec^^^^^^ 

,hosebatterieshayebeenp.pc^.There^^^^^^^^^^^ 



;;tS^rteryUtbc.sch^^^^^^^^^ 

^aa::^rJo:h^ecVa:;d^^^^^^^^^^ 
.he vohaee of nickel-metal hydride battenes. as compared 
w ,h S°nicke.-cadmium m the fi^n^^^^^^^^^ 

charoine ii obscure, nickel-metal hydride battenes may i>e 
ove cha'rged causing drying of the electrolyte or incre^ in 
?he iutemal pressure and entailing safety problems unle^ 
nickXdrogen batteries are charged after «,n .de - 
on of- the discharge capacity. Since the "P-'f ^f^^^^'' 
leries is ureatly dependent on temperature, chaiging rale and 
d'schaXg ra'e. the charge and di-scharge hustory of bauer- 
fes muTSf taken into a«Sunl. Charging systeins have been 
^ dTdwithsuchproblemsinview.Forexample^ac^^^^^^^^ 
^v^iem disclosed in ]apaoese Patem Laid-open (K.oi.i } 
N^4 30M^9 charges a battery after delecting iIk fuUy 
Srscha-Sfd condition of the battery from the end voltage or 
?me ,0 s^We problems due to memory effect, and a charging 
svs em^LrloLd in Japanese Patent Laid-open (Kokai) No. 
61 8n39 charges a battery after detecting the fully dB- 
aSed!on*fonoftheb 

•"^"n^ining-^ 

-;?:bS^.o^\dS^^^^^ 

mi7ng the residual voltage on the basis oi the voltage is 

nredici the residual capacity accurately on the basis oi 
' ^ n „ nd temperature or on the basis of time besides on 
he basis of voluge under operating -"-^^-^.''^'^^J " 
rtiaroe rate chance.1. When managmg the residual capaciiy 
n\Son.Lbasisof.r.a.red. 



:htC^e^h:^™P-^^^^^^ : ;rn\l i^^iS to ^;;;nine whether the increa^^ 

fS example, me^ods of detecting the res dual capacn^on .o -P-' due to '^- detenoratKm of the 

P. ' . P,..n. I aidooen (Kokai) ot ^^^^^ .^^^ ,^,^^3, ^^^„^ s 

,tue to the exhaustion of the battery unless the mode ol 



for example, meinous 01 u5kv....s .rr^Xc^i^ 
he basis of only voltage (Japanese Patent Laidopcn (Kokai) 
Nos 58-8S179 and 61-13.S3.3.S), a method of managing the 



and time ('Japanese Patent Laidopen Nos. 50-2130^ 
S6 26271 and 59-28678), a metbodof managing the residual 
caS on tte basis of measured capacitance (Japanese 
S l^W" (Koka.-) No. 2-301974). a mctluj ^of 
managing the residual capacity on '^e basis of vohage^ 
current and temperature (Japanese Patem Laid-open (Kokai) 
No ' -170372). a method of managing the residual capacity 
Jn tile basis of internal resistance (Japanese Patent Laid- 
(Kokai) No. 3-163375). a method ofn^^'^^ 
residual capacity that integrates current and takes cl^argc 
Sncy. dUarge cffidency and .cmpcratuie charac^^^^^ 

lies into consideration (Japanese Patent Laidopen (J^ka ) 
No 63-208T73). and methods of delermimng the residual 
capacUyln the basis of the specific gravity of the ele«^- 



rnTc^a i^Xetii^rd^^^^^ 

Iml; Ifacferistics allows one .0 P-^c. <he -^idu ^ 
capacitv considerably accurately, however, it « drffi«lt to 
deu^rmine the residual capacity unless the capacity of the 
Sle^t known when the capacity of the battery is^reduced 
S oMb«. self-discharge of the battery - >-8- ^mcc the 
;rior 'art me.hods of detenriining '^e r^>dua !^P»<^^^^^^^ 
batteries are applicable only to specific battenes. respec 
y and hence each battery requires a specdic control^ 
l-he svstem proposed to eliminate memory effect 
55 Ibe sysiem V"-y^ _ /v„v,aNn 4-3084''9) and the 
(Japanese Patent Laid-open (Kokai)No. 4 JU»^-v; 
svstem proposed to prewnt overcharge (Japanese Patent 
Lald "pen7okai) No. 61-81139) are intended to suppress 
Ihe d"I^riol.tion of a battery and .0 simphfy a charging 



No. 63-ZU8'/J;. an" m<^u«>~' - -lectro- the deterioration 01 a oaiiwjr <u~ - ™-r— 

capacity on the basis of the specific gravity of the ele«ro tne o u used as the power supply of 

St'^Ho'lution (Japanese Paten. La.d^pen (Kokat") Nc«. «, -^^^^^J^^.^^, Such a charge/discbarge contro 

56-24768, 57-88679 and 57-210578). P^^^^ , characteristics and the history of battenes 

lliecapadty of a battery is dependent also on the c^^^^^ has not been proposed, 

and discharge history of the battery, tor W *=' '^^ difference between diurnal power demand and noc 

pad^^of'bickel-cadmium batteries """d "'^^^^ . ^^^^^ turSpowe demand has progressively increased m^^^^^^ 

hydrideUeriesdecreasesduetomemoryeffeci.fs^^^^^ 6. ji„rnal power demand in summer «|ap^^^^ 

SSa^mS rSTr-ai L up.r limit of total power generating ability power 
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u '^^^^ are effeciivc means lot 

stations. Power storage ^.^.^ ^'ye "aiiy and seasonal 
solving problenKattnbuiable to. hew. y^^^^^.^ ^^^^ 

variation of ^I'^ J^^^ GM^i-^^- Vol. lU. 
storage ,^^^S^)ZTU insull largc^apaaty 5 

No. 3. pp. 185-188 i„„ ,„ store (to charge) 

secondary battenes in a ^ubstauon 
surplus electric power 6"""^ '"'^ben power demand 
delWer (discharge) j^evern^tog is men- 

reaches a peak in 'f^^y^^-f^.^e ma^ enance of sound- to 
Uoned about concrete mea« for the^ ^ 

ness of the secondary batteries ami 
residual power. 
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SUMMMVOFTOEWVEHnON 

rtc power s'or»8Vy^«-°=2S umrcapable of being 
conn^ed to a load, »°<1; ,„ the secondary 
connected to a power ^Vf f ?f ""^"ri^^o by . controller 
battery and a Pl-^l^'^ """^^nU ,„ information 

for controlling the connection T '''"^v of loads. - 

about the -ondary "mattery and e pl-h y 

A, least either ^'''^^'l^U^y.y ,n information 
battery is ^.^S ba"ery electric power 

uansmilling means. A secouu y 
storage system comprising: 

, Lndary battery connected to a toad 
a detecting device for detectmg a residual electric p 
alSir:SSoapowersourceandtosaid ^ 

ondary battery to said l°»'l,'^»'en «.id r«. ^^^^ 
power is large, than a P'«»=.'«^™^,^J/,han the prede- 
fhe residual electric ^^^^f/^Xged to said 
.ermined value, the ele«ni^w«^*-^^^^^^^ 

power system or said load ihiougnsa ^^^^ndary « 
Sriortochargingofsaidsecondaorbaue^^^^ 

battery electric power .^^fT' Ji,y of loads, 

secondary battery « ^"^^^^^^^i^/K .ransmit- 
aml wiring is provided for stgoMtng ^^^^^^ 

ting information on connection 50 

batlery to said control '""^^'^^"^"'iary battery 
„mt disinl^uteselectnc power of sa^d se«^^^^^ 

among said loads when ^^^'^J^'^f a ^condary bat- 

larger than the P'«»"«™'r^rem con'P^«n& » 
,e,9 electric power storage ^^^^J^^l^^^^^^^ „„i, 55 

"^"•'.r^oSSaS bSy:Sd connection 

connectable to tbe f "^™""' ' . „ and either a 

unit being comiectable to .P°2,eSowcr storage 

p,uraHtyofloadsoraphir...yofe^^^^^^^ 

unitsadetectingde'«cefordele^^^^^^ 

power in the secondary battery » '^""V „j .^f^,. 

SntrolUng *-omiect'on nm. on he b s.s^ 
mation from the secondary ^f'^^Z units, wherein 
.be loads or ^^^l^C^^l^^i^'^^^-^'^'!' 

:rrerrorrr."£n^-^^^^ - 
Sarss^;^^'"S=-----' 



storage ""■^^'''l ^'^ed value, prior to charging 
smaller than the P^'^^^^'i^nj, J battery ekcnc 
of the secondary baH^y- icondary battery • 

aToTdTconS connectable ,o 
connected to a load, * «^"" j^i„g con- 

,he secondary battery, «'"*^^ber a plurality of 
nectable to a power '™ units; a 

,oadsoraplural,|yo^ ^^^^^^ 
detec..n8dev,cefor de<ec,.„g 

in the secondary t'?""'''., " basis of information 
,olling the connection^., o^^^^^^ 
from the secondary hailefV ' j , ,ric power 
or electric power *'°"8<=."">'^' 'T.'TL^ at least one of 
in the secondary ^^''^o; « .arger than 

the loads when the restdual ''^'"^ f^^^j^ual electric 
,be predetermined value. '"^J^^y^or to at least 
power is discharged \" P"^",/3,„„„e units when 
one of the loads or electric 5" ^ 
.be residual electric power ^ -^ajl-^^^^^^ 
termined value, P"°' '° '°''|^,ric power storage 
battery. A secondary ''^''^J.j^S ifconnected to 
system, wherefa saul e^'f,,,",7ric%er storage 
Jther a P'^^-'Vitnttbr rat J^^Un'T information 

units, and ^'8^'' y ° ectnc power storage un.ts 
on either sa.d loads or said elecin 
and said ^«ndary battery to sa.d c^ o^^^^ 

Tbe secondary ba"e'y P^,^;, .he information 

characterized by a 'i, Xrality of loads to the 

about the oP'f f -"jre t^rS^^ i»fo™>"°" 
ruuEju^Sc'^wcrofthc secondary battery to 

^.-er!!:^arybatterye.c.nc^^^^^^^^^^^^^ 

be provided with at '"f , ^ f!"" ''^'^a^^^^^ 
atedwlththeplurahty ofloadstome^^^^^^ ^^^^ 

operating conditio., or a me ^^^^ 

the secondary battery J"^^"^;;" may he ordi- 

S'eS: = suitable for the purpose of 

■"CSdary battery e'e-ic ^J-^^^^^^^^^^ 
characterized alsoby the c-otmed.0^^^^^^^^ 

b^ "trma,^^^^ ::::rS^Zs may be 
plurality of ^'^^'^^P^^^fof measuring the condi- 
pwvided with a -"easu^g means^oj m J ^ 

tion of power ^""S';^^' ts^^^i'aW* for the purpose 
ordinary measuring means ^sensoI, 

°^^L"nHnven.ion is aPP'i-b^ 
,«^a^bat.eriesofeectn^^^^^^^ 

of hotwaicr i^«PP'y/y''?,"^^;ries for air-conditiomng 

tinfic^- ,^„;Hi»it also a secondary batiery 
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Sconneced .0 a power system. f^^Vdevice capable of storing M leas, the .neasuredda.a 
secondary battery and at least either a P^'^^ <» '^'^ ,he arithmetic programs. 

, nluralilv of electric power storage units, charatlenieu in „iuralily of electric power storage units are at least a 

ha a S to which power is to be fed and tbc "pacity a c 5 ^^ff Zui^ry batteries such as lead-acd ba.ten«, 

S cted on the basiVof informauon about fte secondary JSadmium batteries, nickel-metal "ydnde ba tenes o 

bauery the pluralitv of loads and the plurahty of electnc nich ^ a„d heat 

^weT'stoTai units and the surplus electric power remaffl^ ^■J;'^J';';y,,e;s, a plurality of superconducting type 

Z secondary battery after ^-^mg the powe^^^^^^ tSric'powJr storage systems.or any combinations of these 
in'ihe secondary battery to the loads is fed to the selected ^.^..^^ „o„ge sy^em^ 

to Which cle.nc power is .0 be fed 3^ rdT^^^ Se^Sf ^^^^^^^^ 

battery information about the operating condition of the 15 swic g ^^^^^^^ battery, the plurality of loads and 
p S^ of loads and information about the pov«^^^ S- W of electric power storage unUsdepend.^^^ 

Lndition of the electric power storage umls. «.d power ,s th . X .^^ '!'^;""T'ric now« sSg" 
fed to the selected load. , . .. „ necessary the secondary battery electnc power storage 

li^electricpowersloragesystemofthepresentmvention nec^-^. '» ^ ^.ns for 

,„a?^mplov the following secondary battery electnc power .0 s^tem is p^ ^^^^ ^^^^^ ,be 

ooraee system for controlling the power system or opera- ""^^""^ 'n ^ measuring means for measunng 

cig and discharging electric power sto«d » ^^™;;7„,7;i,arged electric power and the «nounl of 
TsfciiSary^^y atxlapluralityofelectncpowerslorage «n ^^^^^^^ g^^^^ *"iZaT. "S 

•"te present invention providesan electric^werstorage . me^^^^^^^^^^ 

connecting a secondary ba..ery,charac,e«ed m thM the 30 ^.^j- discharged electric power. s a 

controller controls the connection unit on ««>e basis 01 p voltmeter or a Coulomb meter, 

information from at least one of the ph.ral.ty of loacb. he ;"^^j^„„„ fo, conlrolUng the connection un is 

'ptX of elearic power storage units and the concecUng ^ ^^^^^ ^ .^^^ ,„ ^^'1 'Irer onl^^^^^^^^^ 
-^secondary battery electric power storage sys.m is . ^^^Z^'X^^ 

2s^:j^t:rn^a^east^rfr^^^^^^^^ ^T^^^^'^^-f^ 

Stylf electric power storage units and the connecting plurality ot 10 ^.^ jary 

-«*rhe«trd.theplura^ b^l^^.^^^^^^^^ 

elelc power storage units and the ---"'"g " ^^^^^ on^ds and .be plurality of electric power storage uni^^ 

provided with measuring means for measuring d memorizing means. 

vXS associated with the information transmit mgmeaK. 45 ^"l^ '^ j ,bout the operating condition of the 

m'^f^tion transmitting means transm.ts mform.tion J^^, "^ads is information 

measured by the measuring means. ooeratine the plurality of loads or Ihc current power acmana 

""'^e secoUy battery to be e^oy^d in ^^^^^^ T e plural^y of Ws. Preferably, information about 

invention is provided with a measunng r^eans for me^^^^^^ scheduled operating time and such is used, 

the amount of electric power charged in the secondly information transmitting means is, for example, a 

Jale^theamoumofelectricpowerdfa^^^^^^ ,i Tnformation may be transmitted by means of 

secondary battery, and a computer that calculates me ^ 

residual power of the secondary battery. Ti,e information about the surplus elecuic power is. to^^ 

Ze Concretely, the secondary battery electnc ^we measured amount of surphis electnc power d^^ 

sioVaEe system is provided with a measunng means for 55 ''^'^^^ ^ dfecb„gs charactenstics (cha^e 

TZri the conSition of the •['^^'^[f' ^^^^^^ Z !^Z^ mJes) and the charge ami discharge history 

computer provided with a memory capable of ^ battery. , ... ,^ 

cnrJ^ data measured by the measunng means, anthmetic 01 m ^ , ^ „ y.^ one load, and the 

7^t'^l\::MLJoo inchtdingdata on .be cha^^^^^^ p,iy' of SL<^^ power storage units has at leas, one 

Lio of the secondary battery, and a controller ^ P™^^ dectric power storage unit. . 

to^he information stored in the memory and mfomation ^'^^'"^^ battery electric power storage systetn m 

Sven thereto bom external devices and it ^ desirable that ^ the pLent invention compnses a second- 

rmfonnation stored in the secondary batte^ can be ^^^"^^^^ 

^^^^X:^^^^^ r:d'aryba.te..ap.ra.ityofele«ricpo.r.orageuni. 
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^ H«>n ralilv Of electric power Storage uiiils,lbe plurality oi loads 

capable of being connected to the power ^'^-'^ '^Icxcd to the plurality of electric power storage uiuts and 

nected through the connection unit ,d pa«Uel to the sec ^ J^^^ ,„„„ected to the conDeclion uml u. day 

ondary battery.apluralityofloadsconnectedtolheplurJuy *eplur y ojghi period rale eecinc 

o?eleuricpowerslorageunit.apluralityofloadsconnected ^ pcnoU M.e^^ ^^^^^ ^^^^ ,^ 

to the connection unit. . ' ^an be sold through the connection unit that can r« 

■m connection unit capable of being . " 'J^^ ^Zlcx.^ to the secondary battery to consumer .n day^ 

power system may be connected to the ^„i„g ,he stored electric power it is P«ftrable to 

L pluraHly of loads and the ph.ral.ly of eleclnc power When^^^ ^^^^ ^^^^^ plurality ot loads on the 

^'Tp^'ntinvention.capableof— gchargeand to b.. f ^ S.^^;:!^^^ 

dischaie of the plurality of loads, the plurabty o electnc J"™ PJ^'^'J the controller connected to the conncc- 

storage units and the secondary battery on the basis P'"" ^ ,„ ,he secondary batteries, to select a 

Sl^fon frorn the plurality of loads the pta^^^^ Td to w"~ ctric power is to be fed, ta^ «J0 

-s:rsL-^rwii:r.^^^^^ >^ 

rtx-^^ =r 9 r P '^'""^^ " ^"""^'^ Z 

seco^ndary battery, the power storage «>"*^>"" soundness and the original power capa«ty of jhe 

ralilv of electric power storage umts. and the discharge in discharging the surplus electnc 

cSclstic andL available -pacity of the bMUry are .0 b^ne^r can be ^ '>\'\'To^Zny 

determined, a load to which power is to be fed » «lectea p ^^^^^ dBcharge of nearly 

from amon^ the plurality of loads or the plurality of electnc capacity of the battery (nearly exhaust«l 

storage units, and the =«'Pl'^j'«^!™ PPr"/"" S. h i^^Jesirable'if po..sible. to know the capacity of t e 

L through the connection urn. » '•^^'^^^^J^J ^ Sry every time the battery is discharged or charged to 

Naturally, power may be stored " ^I'^'T^X^J know the soundness of the battery, 

storage units and then power may be fed from the electnc ^^^^^^ ^^^^^^^ ,„ ,|,e pre«nt 

oower storage units to the plurality of loa^. u provided with, for example, measunng means 

^LtheLpluselectricpowercanbeelfecUve^^^^^^^ Tse^Sfor acquiring data, an A/D converter for conv^^^^^^^^ 

uted and the residual power^cao be d««h«g«> aflerde^er ^y the measuring means aiK« W 

mining the amount of available power from the residual 30 ^^,,3,„3^np„,er,amemorystonngdataonthe 

power Therefore, the soundness of the battery can be ^^^J"'^^ .rfthmelic programs, an indi- 

L^red and discharge control can be ^ffic^ntiy earned out. ^^pmgram and data on Ihe standard char»:tensl,«. and 

men charging the secondary batleo-, ^4^^^; f 3! for processing the infonnation stored in the 

pluraUty of loads or the power storage condition of the 40 J^^.^^.^^ program defining a procedure for 

S aUty of electric power storage units are measured and a ^^J:^^ j , ';jy by integrating chaigc currenl. 

[oad to which pow^ is to be fed is selected. When the ^^•™^,^;J4,3„ defining a procedure for detemnning 

plurality of loads has a ptarality of loads. « is preferable o ^3 j,^^ j.e.. available capacity under a 

the power demand of each load. Whenthe^^^^^^ 

of electric power storage units has a phirality of 'l^'"^ ^ ^3,^ is received from the d«cha^e effi- 

power storage units, it is preferable to detennine the power d^harge^ .e^perature characteristic •k'jnn.n^ ."^ 

storage condition of each electric power storage tmiL ™,i„g charged capacity in a real-time mode, an anA- . 

For example, a load to which power « •oJILS'; X prolrar" defining a procedure for detennining surphs 

amount of power to be fed are detennuied selectively after me P & ^^^^3 j capacity by integrating surphis 

rminingEowerdemandtoseeifthepowerdemandcanbe 50 eecnc power g^ ^^^^ ^^^^ ^ ^cation 

uppliedty the secondary battery and to see rflhe^^^^^^^ ;^.grarn'definin8 a procedure for Mcalmg «he surpta* 
cZm density (large-cuirent discharge or ««al P g ^^^^^^^^ by the pro- 
discharge) is appropriate to •'^J''^""^'^,^^^;^ to The cedure defined by the arithmeuc program, 
the connection unit comiecis the secondary battery to ine current data, discharge voMage data and dis- 
M load to feed power to the latter by orders of 55 ^,J^^,*:^;,,3,„,e data on the discharge Wstopr. are me^ 

^^">:;^:^;hetimerisused..hesoundnessof.heba..eryc. ^^^^^^'S.^^l^^^^^ 
. be secured and electric power be effic.enUy t^d by ^ '^^/^f^J.^ed through an Afl) converts 

^r: co.re.ely. for example, the seco.a. -^^^^ t^Z2'::.7:7::^^'^^-}t 

srpS-eS^-^^^^^^^^ . risrSernst^r^/thf^^^^^^ 

the sLtrfary battery is fed (discharged) 'o 'be »nnect.on 65 ~J ^^^^ Surplus electric power dischMge c-u,«n^u 
unit connected lo the secondary bal'ery. el^rtnc powe n P ^^^^^^ ^^^^^^ ^,,3 

is fed (discharged) through the connection unit to the plu .surp 
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the balleries when Ihe residual capacity is in ihe range of 0% DETAILED DESCRIPTION OF THE 

to 85% of the charge capacity. When ibc residual capacity is 5 PREFERRED EMBODIMENTS 

Sr t'slL^ So ^;r2.^iu;: ^^^^ Prefe.e. e™bod..eo,s of ,he present invention wiH be 
dfichaige '"^^f 'P™**-"" j'^^ memory effect can be described in detail hereinatter. 
S^sfrS'uS b^C^r me^'u^ . subject to a entbodinients a. illustrative and not .es.„ct.ve. 

comuaraiively small self-discharge and the cycle life of a to pj^, Embodiment 

lithium battery or the like is reduced when Ihe same is , , secondary battery eleclnc power storage 

discharged deep, it is dcsinblc to discharge the surplus ^ j„ , embodiment according to 'he Presen 
electric power corresponding to 80% to 95% of the dis- fi^y embodiment is one of the b^t 

charge capacity in a mode conforming to optimum discharge invention. P^sent invention 

conltionsrevisedfortheavailabledischargecapacityoflhe 15 ^, ^^j,^ .^^eto. Referring to FIG. L a ^condary 
battery, when the residual capacity is m the range of 5% to ^ ,^ , conneclion unit 2 conneUable to a 

80% of the charge capacity. When the residual capacity is ^^^^ ^^^^^^ ,^ connected to a secondary battery J. A 
less than 5% of the charge capacity, it is belter not to ^ „j power storage units 4 are P'^ced jn 

discharge the surplus electric power because further dis- ^^^^^^^ combination v«th the connection uml 2 connected to 
chVrge reduces the cycle Kfe of the battery. When the 20 ^ „pp,y system. A plurality of loads 5 are conne^ed 

resichial capacity is 80% or above of the charge capacity, ,t charge/discbarge unit 2 or the electric power storage 

is desirable not to discharge the sutphs electric power to ^ ^ ^.j , ,i„e 30 indicated by broken mes is 

Lplify charging and discharging. connected to a controller 7 inctaded in the connectioi, umt 

The whole capacity of battery can be known at every ^ Detecting device 40 detects residual electric power in the 
discharge and the readual capacity of the battery can be 25 ^^^^^y baitery. 

accurately determined when the surplus electric power is necessary, the secondary battery eleclnc power 

discharged with the performance of the battery being taking ^ provided with a means, not shown in HGS. 

into consideration. Ihe cycle life of the battery and he | p„„„ jj^ly from the power 

future capacity of the battery can be estimated from ihe j^^^ 5 ,,,5 eleclnc power storage 

whole capacity of the battery and the residual capacity, -^u 

units 4, bypassing the connection unit 2. When the secon - 
Accordinglv, charge/discharge control can be earned out ^ ^^^^^^^ ^^^^ ^.o^ge system is provided with 

according to the change of the performance of the battery ^ ^^^^^ j, j^^j^ye thai the secondary battery 

and thereby the soundness of the battery is enhanced. ^^^^^ ^^^^^^^ ^y^^j„ provided with a signal hne 

Charcing of the battery with the inexpensive n^ht pcnod ,„„smitting signals represeming measured vahies, ^ch 

rate electric power in Ihe nighttime and using the surplus .« ^^^^^^ ,„ ,he controller 7 of 

electric power in the daytime are economically advanta- connection unit 2. Amounts of electric power applied to 

geous. and delivered from the secondary battery 3 and the eleclnc 

BRIEF DESCRiniON OF ™E DRAWINGS ^ POje« -nij 4 .e me^ « netTh: 

FIG 1 is a block diagram of a secondary battery electric ^ controller 7 of the connection unit 2 

nr. 2 is a block diaeram of a secondary battery electric means). . ^ tK^ rhame/ 

po2SsSsr«..in^ccorda^ — P~ .Se^.^^^cC^L^^^^^^^ 

"So. 3 is a block diagram of a secondary ba.tery electric period r^^^-^^^^^^^^l^^^ T^I^Sl 

power storage system in accordance wilb the present inven- ^^-"^^"Sed. ^^^f^^^^^^ ,^ battery 
^°°> , u. I 50 3 After discharging, the secondary battery 3 is disconnected 

HG. 4 is a block diagram of a secondaiy battery eleclnc so 3. /Wter f^^^^^^^ ^ ^^^^^.^ the connection 

power storage system in accordance with Ihe presem inven- iro ^ ^ discharge the surplus electric power of the second- 

tion; ^ „. ary batter 3 in the day period rate hours A controUer 6 

HG 5 is a now chart of a procedure for controlling a ^^i^^^ ^ ,i,e secondary battery 3 controls the secondary 

secondary battery, in accordance with the present mvenlion; ^^^^^^ ^ discharging the surplus electric power remajn- 

nC 6 is a graph showing the charge/discharge cycle ■ 3^,^ ^-harging the .secondary battery load 1, i.e.. ine 

characieristics of secondary batteries in a second embodi- ^^^y^,, .^paci.y in a mode conformmg '<> oP™ 

mcnl according to the present invention; charging conditions in the day penod rate hours^ IW ais- 

HG 7isaBTaphcomparativelvshowingresidualcapacily charge of the surphis electric power .s slopped « «8f I 

•nrc?iio.^ aKuaTresidual' capacities in the second „ p,Hod rale hours and the secondary battery is charged In 

^.^l^r„ttr^^.o.bcprcscn^.taven..on; '''^ ^ ' ^^JriK^^ ^^^^^^ 

HG. 8 is a graph showing the charge/discharge cycles of capac. y ^J^^^^^^^^^S X^<^ - ^ 'he prec«d- 

secondary batteries in a third embodunem according to the = W J^^^^^^^^^ ch'arge capacity .0 be taken 

present invention; ° ..nt^ideraiion in indicating Ihe residual capacity. The 

nG-PisagraphcomparalivelyshowingresidualW 65 ^» ^ /of ^^^^^^ 

indicationsand residual capacities m a oomparatn^e example ™„q„i,ed by ihe electric power storage units 
1; and 
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4or.heloads5.selecBlhe electric pojverst^^^^^^ 

ln»d and conlrnis the secondary ballery 3 to supply me 

Sh!s clcSowcr .0 .he sckCcd electric power storage 

unit or ihc load. .-^^ ir, 

HG. 2 shows an embodiment of the present •"^en''"" 
,his embodiment, a sea>ndary battery load • ^^^^ „ 
lion unit 2 conneciable to a power '^y'*'"" ^^"^^^^^'^^ 
a secondary batierv 3, and electric power storage units 4 are 
pl^d in^trallel combination with the connection timt 2. 



discharge operation of the secondary battenr 3 is conuolled 
a«ord?ng to the optimum charge and discbaiige condittons 
13 At every surplus electric power discharging operation, 
he A/D converter 8 receives surplus electric power de- 
chargc operation da.a including surplus elcctnc power d^ 
cSe .Srrent data 20, sut,1us electrtc power discha^e 
vo tag* dm 21 and surplus electric power <en>P"a.ure da a 
22 -nie surplus electric power discharge current data 20 is 
SeSed To obtain a surplus electric power dtscha^e 
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this embodiment, a secondary battery load 1 a ~nn«- 
tion unit 2 connectable to a power system are connoted to 
a «condary ballery 3, antl loads 5 are connected to the 
ccTrS^^on^unit 2^nG. 4 shows an embodiment of the 
oresenl invention. In this embodiment, a secondary ballery 
loTl and a connection unit 2 connectable to a power 
«^^m are connected lo a secondary battery 3 and series 
circuits each of an electric power storage unit 4 and a load 
S^e placed in parallel connection with the connection unit 
2. 

Second Embodiment . 
FIG. 5 is a flow chart of a control procedure to be carried 
out bv the contfoUers 6 of the secondary battenes 3 of FIGS 
1 U> 4. The control procedure will be <>^^"^ ^"l"lf' 
with reference to WkS. 1 to 5. m secondary battery 3 is 
raided with the controller 6. an M) converter 8 and a 
Co? 9. m memory 9 is capable of slormg standard 
"harac^rislic data on the ^ 
. secondary battery 3 itK-luding charging efficency 10 dis 
diarging'efficiencv 11, temperature characienM.es 12 and ^ 
op mum charge aid discharge conditions 13^ The optunum 
Se and <Mscharge conditions 13 ^P^-fv charge and 
discharge modes, such as a constant-current charge mode 
Sam discharge mode, a constan.-vollage J'^harge mode 
and a constanf-voUagc discharge mode, currenus and 
voltages, cut voltages, charge capacities, discharge 
capacities, charge limes and discharge times 

When the secondary battery 3 is connected ""he charg / 
dischaige unit 2 for charging, the secondary banery 3 is 



Xtei.TTK=surpluselec.rrc power discha^ecap^^^^^ 
be transferred through the connection unil 2 lo w*- e»-«->n^ 
power torage units 4 and the loads 5. When selling the 
electric power, it is preferable to indi«.e an amoj^^^^ 
of money correiponding to the surplus electnc power when 
necessary. 

FIG 6 shows the charge and discharge cycle character- 
istics of secondary batteries and FIG. 7 shows the varwlion 
of the difference between residual capacity indKation and 
10 actual residual capacity with '"e "^^^ ^J,^^^^ ^"J 
dischaige cycles. The capacities of a lead-aad battery 13 j 
Sel-cadmium bai.ery D, a nickel-hydrogen battel, A a«d 
lilhium battery E decrease sKgh.ly as .he """b" of ch»ge 
and discharge cvcles increases, and .he possible numbers ot 
25 tgrand discharge cycles for those battenes are no. kss 
than 1000. Tl« difference between the residual capacity 
indication and the actual residual capacity is very small. 
Third Embodiment 

When a secondary battery 3 is a ™*el<admium battery 
or a nickel-metal hydride banery, a eon"oUe;6 <»n '^s the 
secondary battery 3 for discharging so that 95% to 100 /" Ol 
Sargc capacity corresponding to an available discharge 
ap^?t?fe dfechaied in a mode confomiing to optirnum 
dilcha^ conditions when the residual capacity isO to 85% 
of the charge capacity of the secondary battery 3^ 

If .he residual capacity is 85% or above of the charge 
caoacitv surplus electric power discharge is not performed. 
When liie Secondary battery 3-is a lithium battery, the 



wnen inc >«;wimai J - u^ti^r,- ^ When ine seconuaiy va«v.j - 

discharge unit 2 for charging, the secondary bat.e.> 3 >s ,^ ,^ ^,„^3^ batteiy 3 so that 80% to 

conliolled for charging according to the optimum charge 40 eon^^"'; 3^ corresponding to an available 

3ions.Ateverfchargecycle.anA/Dconver,er rec^iv^ 9.2^o^a g ^ P^^^^^^ ^ ^ «ode conforming .0 

charge operation data including charge current d la 14 d^ Jg J ^^^^^^^ ^^en the «s.dual capacity s 
charge voltage data IS and charge 'emperature data 16^The .^arge capacity. When .he residu 1 

cbaric voltaic data 15 is necessary tor tennina.ing chargmg 5% to ^^^^^ ^ , 

ai a cut voltage. ITk charge temperature da.a 16 ,s used for 45 "^c p^wer discbarge is not performed. When the residual 
detecting the^flna, charge .age for ^J^f^^ t";*^, so% or a^ve of capacity, surplus 

electric power discharge is not performed. 

FIG. 8 shows the charge and discbarge cy=le character- 
islics of batteries under the a,nUol operaUon of the oontro - 
kr me capacities of a nickeKadmium battery, a mckel- 
metalhydridebauery and a lithium battery decrease scarc^y 
r,he number of charge >nd discharge cycles inc,^a.^s. m 
pos.sible numbers of charge and discharge cycles for those 



delecting ine nnai tuoi&v — - j^.' 

battery. THe temperamre data 15 is used also for detec uig 
rabnormal condition of the battery when the tempera u e 
of the battery rises abnormaUy. THe charge current data 14 
is iniegrated to obtain a charged capacity. 

When the secondary battery 3 is connected .0 .be sec- 

alid dicKe femperatuw da.a 19. m discharge vohage COMPARATIVE EXAMPLE 1 
data 18 is necessary for terminating discharge at a cu^ ^^^^^ ,^,e,„ to a 
voltage. Tlie discharge current data 17 is integrated to ob am » ^ , / , secondary battery load 1 and a 
, disdiargcd capacity. Tlte discharged "P^^.y -s «nv <^^^ roSon u", 2 are cinneCcd .0 a sc«,ndary battery 3 
to a real-time mode for a discharging ^"^'''^^'^H m ^^nda.^ battery 3 is connected to the conneclion unrt 
represented by the discharge '^■"P*"'"'^, ^''^ "l" j ^ ran^trse^ndary battery 3 ischarged with mght penod 
available discharge capadty...e., converted ch^uge^^^^^^^^ fate electric power iHen, the secondary battery 3 is con- 
fer determining a residual capacity. Tl>« "P^^"^^^ „ec,ed .0 .he «condary ba..ery load 1 and .be elcctnc power 
obtained by subtracting the discharged capacity from the necked .0 ^^^^y^ ^^^^^^ ^ ^ ^^^^ 

converted charge capacity. j batierv load 1. After discharging, the secondaiy 



